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的 PAHs 降解菌 Novosphingobium pentaromativorans US6-1 为模式菌株，结合实
时荧光定量 PCR 技术和链特异转录组测序技术，针对其对菲（Phe）、芘（Pyr）




1. 采用 GC/MS 技术，检测了新鞘氨醇杆菌 US6-1 对 Phe、Pyr 和 BaP 的降
解能力，结果显示：US6-1 分别在 24h，48h 和 6d 培养后，对起始浓度为 10ppm
的菲、芘和苯并芘的降解率可达 99.02%，52.88%和 14.54%。说明新鞘氨醇杆菌
US6-1 能以 Phe、Pyr 和 BaP 为唯一碳源和能源生长，在培养 12h、48h 和 6d 后
已经分别启动了对 Phe、Pyr 和 BaP 的降解； 
2. 对新鞘氨醇杆菌 US6-1 基因组进行分析，发现了两条中心代谢路径，分
别为原儿茶酸代谢路径和邻苯二酚代谢路径。其中原儿茶酸代谢路径的基因主要
分布在在染色体上，而邻苯二酚代谢路径的关键基因主要分布在质粒 pLA1 上。
应用 SDS-变温法得到了一株敲除质粒 pLA1 的突变株 CPUS6-1，比较 US6-1 和
CPUS6-1 在降解 16 种芳烃（苯并[a]芘、芘、菲、蒽酮、1-羟基-2 萘甲酸、1-萘
酚、2-萘酚、萘、水杨酸、邻苯二酚、苯甲酸、龙胆酸、4-羟基苯甲酸、原儿茶
酸、邻苯二甲酸、间苯二酚）时的差异，证实了邻苯二酚代谢路径存在于质粒 pLA1
上，同时发现了质粒 pLA1 在芳烃降解中起着关键作用。我们还发现 US6-1 能降
解龙胆酸，但是 CPUS6-1 却不能降解，说明有一条未知的龙胆酸代谢路径存在
于质粒 pLA1 上，或者质粒 pLA1 控制着龙胆酸降解路径基因的表达； 

















ClassRHO 软件分析后，17 个 RHOs 中有 7 个得到了准确分型。除 RHOs 外，对
质粒上分布的其他降解基因及调控基因，在 PAHs 降解时 mRNA 水平上的表达
差异进行了跟踪，结果显示：RHO type Ⅰ NSU_3626 的表达量和未得到分型的
RHONSU_PLA1141 与其他两种类型的 RHOs 明显不同，而其它基因的表达模式
基本相同，均是在 Phe 和 BaP 降解条件下基因的表达量高于 Pyr。 




和 CFU 进行了检测，发现新鞘氨醇杆菌 US6-1 在培养过程中，其 OD600 值变化
不大，而 CFU 变化幅度较大，由此我们可以得出新鞘氨醇杆菌 US6-1 会从可培
养状态变为不可培养状态以适应不适环境；针对降解路径中的降解基因和应急反

























Polycyclic aromatic hydrocarbons (PAHs) are one class of organic pollutants which 
are widely distributed in the environment. They are carcinogenic, teratogenic, and 
mutagenic to living organisms through food chain. It is an efficient way to recover 
PAHs contamination by microbial remediation. Currently, there is only limited 
information regarding to the bacterial biodegradation pathway and physiological 
regulation mechanism of HMW-PAHs such as BaP, because they are structurally stable 
and nonbiodegradable. In order to gain insight into the mechanism of HMW-PAHs, 
Novosphingobium pentaromativorans US6-1, a marine bacterium isolated from muddy 
sediment of Ulsan Bay, Republic of Korea, was used to study the PAHs degradative 
characteristics, identification of the functional genes involved in the biodegradation 
base on transcroptome and Real-time PCR analysis of N. pentaromativorans US6-1 
exposed to phenanthrene, pyrene and benzo[a]pyrene, proposing PAHs biodegradation 
pathway, elucidating the role of megaplamid pLA1 and physiological response 
mechanism involved in benzo[a]pyrene bioremediation.  
The main results were as follows: 
1. N. pentaromativorans US6-1 could degrade PAHs effectively, the biodegradation 
rate of 10ppm phenanthrene, pyrene and benzo[a]pyrene decreased by 99.02%, 52.88% 
and 14.54% respectively. Combined with the culture changing to yellow, US6-1 started 
to degrade phenanthrene, pyrene and benzo[a]pyrene at 12h, 48h, 6d respectively. 
2. To analyze the genome of strain US6-1, we found two central metabolic pathways, 
protocatechuate metabolic pathway and catechol metabolic pathway. In addition, 
protocatechuate metabolic pathway existed in chromosome. Otherwise, catechol 
metabolic pathway indwelled in megaplasmid pLA1. We applied SDS-temperature 
method to obtain a mutant N. pentaromativorans CPUS6-1 (curing megaplasmid 
pLA1). To confirm the presence of catechol metabolic pathway in pLA1, we compared 
different aromatic degradation by strain US6-1 and strain CPUS6-1, meanwhile found 
that pLA1 plays a key role in aromatic degradation； 
















domains in the genome of strain US6-1. After ClassRHO software running, seven of 
them had got accurate types. Real-Time PCR was used to compare RHOs and the other 
genes in pLA1 gene expression induced by phenanthrene, pyrene and benzo[a]pyrene. 
The results indicated that the genes were same unregulated after exposure to PAHs; 
Gene expression in the Phe and BaP degradation conditions were significantly higher 
than Pyr, otherwise the NSU_3626 and NSU_PLA1141 are inverse. Because there were 
similarities in the structures of Phe and BaP which may lead to express the same genes, 
but Pyr had a different structure. 
4 strain US6-1 were tested OD600, ETSA and CFU in the culture with BaP as the 
sole source of carbon and energy (hunger environment). Its OD600 values changed little, 
while the CFU had the large magnitude of change, which means that strain US6-1 can 
be cultured to non-culturable that has be adapted the discomfort environment. We used 
real-time quantitative PCR to determin relative gene expression levels involed in 
biodegradation genes and emergency response regulator genes. The results show that 
the BaP group and Control group regulate gene expression are similar. strain US6-1 can 
regulate gene expression to adapt adverse environmental changes effectively. 
Keywords: Novosphingobium; High-molecular-weight PAHs (HMW-PAHs); 

















1 高分子量 PAHs 的危害及生物降解 




泛关注[3-6]。PAHs 因其苯环数目不同，可以分为低分子量 PAHs（Low Molecular 
Weight PAHs，LMW-PAHs）即苯环数≤3（如萘、菲）和高分子量 PAHs（High 
Molecular Weight PAHs，HMW-PAHs）即苯环数＞3（如芘、苯并[a]芘）。随着
苯环数增加，其脂溶性越强，水溶性越低，其致癌性也随着苯环数的增加而增强。












































图 1.1 BaP 的结构式(部分引自 Carrell[13]) 






























类和细菌等。比如：Novosphingobium pentaromativorans US6-1[17]、Mycobacterium 
vanbaalenii PYR-1[18]、Rhodococcus sp. P14[19]等。 
1.2.1 降解苯并芘的真菌 
真菌降解 BaP 等 HMW-PAHs 时，有着自己的优势。首先真菌的体表面积较
大，能够较容易吸附不溶于水的 PAHs 物质，其次真菌在生长代谢过程中能产生




代谢 BaP 一般是通过微粒体上的细胞色素 P450 单加氧酶。真菌通过细胞色素
P450 单加氧酶首先氧化苯并芘形成反式-二氢二醇。在绮丽小克银汉霉和曲霉菌
的氧化产物中检测到了反-7,8-二氢二醇—苯并芘和反-9,10-二氢二醇-苯并芘。反
-9,10-二氢二醇-苯并芘在 7,8 位进一步氧化形成了 9,10-环氧二醇-苯并芘[2]。
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